: As a future Higgs or Z factory, construction of the circular electron positron collider (CEPC) has been proposed to precisely measure Higgs bosons. A particle flow-oriented electromagnetic calorimeter (ECAL) and a hadronic calorimeter comprise a baseline design for the CEPC calorimetry system. The scintillator-tungsten ECAL (Sc-ECAL) prototype is being developed within the CEPC calorimetry working group. The Sc-ECAL is a sampling calorimeter consisting of alternating absorber layers and high granularity active layers. Each component of the active layer has been studied and optimized from a variety of aspects to meet the design requirements. The complete technological Sc-ECAL prototype will contain 30 layers of ECAL-based unit (EBU) boards alternating with 30 layers of the absorber. The first two layers of the prototype have been developed, and primary commissioning has been performed to validate their performance.
Introduction
The circular electron positron collider (CEPC) has been proposed as a Higgs or Z factory that would be able to conduct precision measurements on the Higgs and Z bosons [1] . The potential physics programs of the CEPC [2] require all possible final states, which are decays from intermediate vector bosons, to be reconstructed with unprecedented precision. In particular, the requirement for a jet energy resolution of ∼30%/ √ E at an energy below 100 GeV is a primary motivation for the development of the particle flow algorithms (PFA) [3, 4] oriented for high granularity calorimeters. For an electromagnetic calorimeter (ECAL), the energy resolution is required to be better than ∼16%/ √ E for photons, and the unit cell size no more than 10 mm for the shower separation ability requirement [5] .
The scintillator-tungsten electromagnetic calorimeter (Sc-ECAL), which has been currently adopted for use in CEPC ECAL R&D, is a PFA-oriented ECAL technology option. One of the greatest challenges for the use of the Sc-ECAL is its dynamic range demand of up to 800 minimum ionized particle (MIPs). Sensitive detectors are integrated within the PCB board, constituting a sandwich structure with a tungsten absorber layer. The full technological ECAL prototype consists of 15 super-layers. Each super-layer contains 2 ECAL-based unit (EBU) boards, the corresponding data interface (DIF) board, and a tungsten-copper alloy absorber board located in the middle of the sandwich structure. Thus, there are 30 EBU boards and 30 DIF boards in total. One EBU sensitive detector comprises 210 scintillator strips coupled with a silicon photomultiplier (SiPM). Eventually, there will be 6300 channels read by 180 SPIROC2E [6] chips. Figure 1 
ECAL Components

Scintillator strip
The shower separation ability is crucial for the performance of a PFA-oriented ECAL, which can reconstruct the jet energy resolution with unprecedented precision. Based on ννHiggs→gluons studies, ECAL cell size is recommended to be equal to or smaller than 10 mm [5] . The Sc-ECAL scintillator strip dimensions are 45 mm × 5 mm × 2 mm, and it is arranged crosswise on adjacent layers, such that a 5 mm × 5 mm cell size is formed. A new bottom-center coupling mode [9] has been proposed to eliminate the non-uniformity, especially close to the side-end. The dimensions of the dimple have been iteratively designed and optimized according to the measurement and simulation light output performances. Ultimately, the light output non-uniformity can achieve 4% with 17% variance for different strips. For H→γγ, the reconstructed Higgs mass resolution degrades by only 2.5% in comparison with perfect uniformity [10] .
SiPM
An SiPM is a new type of photon sensor that has been widely used in particle physics experiments [7] . The typical light output of one scintillator strip is 20 photon-electrons per MIP [9] . It requires the SiPM to detect 16,000 photon-electrons. The larger the dynamic range, the larger number of pixels an SiPM has. An SiPM with 10,000 pixels, produced by Hamamatsu S12571-010P [8], has been studied, including the single-photon spectrum and response curve, as shown by fig. 2 .
A distinct single-photon spectrum is a typical characteristic of an SiPM. This spectrum can be used to calibrate the SiPM gain. The SiPM can achieve saturation as the number of incident photons increases, which allows the SiPM to detect photons more than the number of pixels through a correction. As the right side of fig. 2 shows, the saturation response is described well by the theoretical function. 
Electronics
Embedding electronics is the only method to meet the critical space requirements for CEPC ECAL. The SPIROC [6] chip is a dedicated front-end application specific integrated circuit (ASIC) for the SiPM readout, which integrates 36 channels and was developed by the CALICE collaboration. Each SPIROC2E chip has 36 channels and each channel has 16 buffer memory cells. A low power consumption of 8 mW per channel and a large dynamic range of 62 fC-300 pC can meet the requirements for the very front-end SiPM readout chip, which evolved from the original single SPIROC2B chip walk to a 4-chip single layer board in 2018 [10] . For the SPIROC2E chip, from the beginning of 2019, development evolved from a single chip to a 6-chip single layer board. Finally, readout electronics technological board with 6 SPIROC2E chips has been prototyped. The preliminary performance of this board will be presented in section 3.1.
Testing of the First Two Layers of EBU MIP
Currently, two layers of EBU have been produced and studied. The total thickness is controlled to be below 6 mm within a 1-mm tolerance, excluding the DIF board. Charge inject calibration and LED calibration are two independent calibration systems present in this EBU. A temperature monitoring system and SiPM operation voltage compensation are also available in this EBU. The first two layers of the EBU have two types of SiPM [8] with 1 mm × 1 mm sensitive area, and the rest of the structure remains the same. One EBU uses an S12571-010P SiPM, which has 10,000 pixels with 10 um pixel size. The other layer uses S12571-015P, which has 4,489 pixels with 15 um pixel size. This paper will present the EBU electronics performance and MIP measurement results by β radiation source in the following sections.
Pedestal
The left portion of fig. 4 gives an example of one channel pedestal spectrum fit by a Gause function, and the right shows the 210 channels per one EBU layer. The typical sigma of the pedestal is about 3.8 ADC, with about 10% variance for one EBU. The width of the pedestal for different channels has a significant influence on the signal measurement during a test. As fig. 5 shows, the map on the left illustrates the sigma for the pedestal if the SiPM works at a stable voltage, and the map on the right shows the results after compensation. Through comparison with and without a SiPM working voltage compensation, it is evident that the width of the electronics pedestal is strongly dependent on the working voltage of the SiPM. Thus, the SPIROC2E compensation pin's voltage must be adjusted to enable each SiPM to work on its operational voltage, i.e., the same overvoltage. After compensation, the sigma of the pedestal has no numerical value and no chip dependence.
MIP results
The parameter set points are identical for both EBUs, namely, 25 ns shaping time and an autotrigger with 16 memory cells. Measurement with a 90 Sr radiation source, as Figure 6 presents, shows a typical MIP signal distribution fit by a Landau convolution with Gauss. Subtracting the most possible value (MPV) of the fitting parameters provides the mean of the pedestal as the MIP response value.
Scanning for all channels, the MIP response and uniformity of the first two EBU layers have 
Summary
Sc-ECAL is a PFA-oriented sampling calorimeter with a high granularity cell size. Front-end SPIROC2E chip readout SiPMs collect the light output of the scintillator strips. Each component of the Sc-ECAL has been studied and optimized for performance enabling satisfaction of the energy resolution, position resolution, and dynamic range requirements. The first two layers of the prototype have been developed and commissioned in the laboratory to validate the performance of the integrated EBU. From the preliminary results of the first two layers of the prototype, 100% of the channels have successfully separated the MIP signal for both layers. The MIP MPV variation is about 16% and has no position dependence. The performance achieves the desired aims, the complete 30-layer Sc-ECAL prototype is being developed and will be performance-tested in 2020 to further validate its performance.
